There are important geometric parameters in a human eye including three major axes and two angles between them. It is known that identification of those parameters may be helpful when performing some ophthalmic surgeries. We propose a new method to measure them using dual-depth whole-eye OCT.
Introduction
In human eye geometry, there are three axes that are important clinically: a visual axis (VA), an optical axis (OA), and a pupillary axis (PA). The VA is a path that extends from the fixation point to the fovea, and the OA and PA are related to the geometrical structure of the eye. The OA is a unique line joining the centers of curvature of the optimal surfaces, and the PA is a line perpendicular to the surface of the cornea and passes through the center of the pupil [1] . In terms of anatomy, the optical components of the human eye are aligned along the OA; however, the human views objects along the VA, which is tilted at an angle of approximately 5° with respect to the OA [2]. The is -sectional schematic of the human eye in which the three axes and two angles are indicated. These angles and axes are important parameters in refractive surgeries, especially in cataract surgeries and LASIK surgeries. In this study, we demonstrated a new method for measuring three axes (VA, OA, and PA)
) of a human eye by using the dual-depth whole-eye optical coherence tomography (OCT). 
Experimental setup
We developed dual-depth swept source optical coherence tomography (SS-OCT) for high-resolution whole-eye imaging. It employs two light beams with orthogonal polarization states from one source, similar to a previously described setup [3, 4] . Two orthogonally polarized beams were focused simultaneously on two axial positions; an anterior segment and a retina one for each. For a reference arm, a frequency shifter was used to extend the depth of A-scan for imaging the entire region of the anterior segment all at once [5] . It shifted the frequency of the reference light for the anterior segment to 300 MHz.
Results
Figures 2(a) and 2(b) show the images of the anterior segment and the retina acquired simultaneously and Fig. 2(c) shows a reconstructed whole-eye image. When reconstructing the whole-eye image, all the distortion caused by the refractive index discontinuity in the boundary of air and eye and the fan-shape scanning of a beam was corrected. The VA, OA, and PA were identified in 2D and 3D whole-eye images according to the definitions mentioned above. Figure 3 We applied our technology in the left eyes of 10 subjects with a visual acuity of 0.6 and above. The subjects were in the mean age ran 1.26°. In full three-dimensional space, the average respectively. Also, we measured central corneal thickness (CCT), anterior chamber depth (ACD), lens thickness (LT), and axial eye length (AEL) of the left eye for 10 subjects. The average and standard deviation of CCT, ACD, LT, and AEL were 0.48 mm ± 0.05 mm, 2.96 mm ± 0.31, 3.69 mm ± 0.38, and 25.22 mm ± 0.87 mm, respectively
